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(571 ABSTRACT

A circuit for sensing the output distortion of amplifier
stages of the type which has a first input which receives
a voltage signal to be amplified, a second mnput con-
nected to a feedback network and an output which
generates an amplified output signal. The circuit com-
prises at least one comparator, which receives in input a
first signal which is correlated to the voltage signal and
a second signal which is correlated to the output signal
of the amplifier stage, and is enabled so0 as to generate a
distortion signal in output when the second signal ex-
ceeds the first one in terms of absolute value, 1.e. in the
presence of distortion.

4 Claims, 3 Drawing Sheets
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CIRCUIT FOR SECURING OUTPUT DISTORTION,
IN PARTICULAR OF FINAL STAGES OF AUDIO
DEVICES

BACKGROUND OF THE INVENTION

The present invention relates to a circuit for sensing
output distortion, in particular of final stages of audio
devices.

As is known, an audio device can be compared to an
operational amplifier which is fedback with a final stage
such as the one shown schematically in FIG. 1. As can
be seen, the final stage 3 can be represented by an audio
amplifier 1 which drives a pair of transistors Qi, Q2
which are connected between the two power supply
lines at + Vccand —Vecand define, between them, the
output OUT of the audio device, to which the load,
represented herein by a loudspeaker 2, 1s connected.
The feedback circuit is constituted by a pair of resistors
R1i, Ry; specifically, the resistor Ri is connected be-
tween the inverting input of the amplifier 1 and the
ground and the resistor R; is connected between said
inverting input and the output OUT; the input signal
Vn is applied to the non-inverting input of the ampli-
fier.
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In the final stage shown in FIG. 1, the maximum

swing of the output, which is theoretically limited by
the difference between the positive supply voltage and
the negative one (2 V) is actually given by

AVour=2¥cc— VCEQ) sat— VCEQ2, sar-

When the input signal Vyexceeds a certain dynamic
range equal to

R
Vin > VOUT"m

the output is no longer able to follow the dynamics of
the input signal in a linear manner, and distortion occurs
(the so-called “clipping” phenomenon). Since said out-
put signal drives a loudspeaker, in order to be heard
with a still acceptable fidelity its distortion during the
peaks of the input signal must not exceed a certain per-
centage, e.g. 109%; beyond this value the sound in fact
becomes unpleasant.

In order to solve this problem it is possibie to sense
the existing distortion and drive an appropriate attenua-
tion circuit which is connected upstream of the final
stage so as to limit the input signal thereof.

A solution for sensing the distortion is known for
example from the U.S. patent application Ser. No.
07/202,846 filed on June 6, 1988 in the name of the same
Applicant, wherein sensors are provided which control
the state of saturation of the final transistors. Though it
adequately solves the problem in some cases, this solu-
tion 1s in any case not free from disadvantages, since the
information related to a 5-10% distortion, obtained by
integrating the output signal from the clipping sensor, is
not immediately available due to the integration time
constant; the solution is applicable only in amplifiers
with a particular output stage and is sufficiently accu-
rate only if the output waveform of the amplifier is
symmetrically distorted.

Other known solutions consider the input or output
voltage signal and compare it with a reference voltage.
A solution in which the input signal is controlled is
shown by way of example in FIG. 2, wherein the final
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2

stage 3, which has a feedback network Ry, Ry, drives a
load Rr. The input voitage Vy is also supplied to the
positive input of a comparator 4; a fixed reference volt-
age is provided on the negative input of said compara-
tor, which generates an error voltage Vo which is then
used to drive an attenuator. These known solutions,
however, are not satisfactory, since they do not take
into account the power supply voltage and/or the maxi-
mum swing of the signal in output from the audio ampli-
fier, which also depends on the type of load to which
the latter is connected.

SUMMARY OF THE INVENTION

Given this situation, the aim of the present invention
is to provide a circuit for sensing output distortion, in
particular of final stages of audio devices, which 1s capa-
ble of solving the disadvantages of known sensing cir-
cuits.

Within the scope of this aim, a particular object of the
present invention is to provide an output distortion
sensing circuit which is very accurate and in particular
is independent of the power supply voltage value, of the
frequency (in the operating range of audio amplifiers)
and of the maximum swing of the output signal.

An important object of the present invention is to
provide a circuit of the indicated type which can be
applied to audio amplifiers which have an output stage
of any type.

Another object of the present invention is to provide
a circuit of the indicated type which can immediately
provide the distortion information without introducing
delays.

Another object of the present invention is to provide
a circuit of the indicated type which allows a selective
sensing of the distortion of the two half-waves and in
particular is capable of sensing non-symmetrical distor-
tions of the output signal.

Still another object of the present invention 1s to
provide a circuit of the indicated type which is highly
flexible and in particular has sensing thresholds which
can be adjusted according to the requirements.

Not least object of the present invention is to provide
a distortion sensing circuit which is highly reliable and
has a simple and easily integratable structure.

This aim, the objects mentioned and others which
will become apparent hereinafter are achieved by a
circuit for sensing output distortion, in particular of
final stages of audio devices, as defined in the accompa-
nying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The characteristics and advantages of the invention
will become apparent from the description of two pre-
ferred embodiments, illustrated only by way of non-
limitative exampie in the accompanying drawings,
wherein: |

FIG. 1 is a general circuit diagram of a known final
stage for audio applications;

FIG. 2 is a general circuit diagram of a known distor-
tion sensor;

FIG. 3 is a block diagram of a possibie embodiment of
the circuit according to the invention;

FIGS. 4g-4g show some waveforms of appropriate
signals obtained from the diagram of FIG. 3 in the pres-
ence of clipping;

FIG. § shows the input signal, the output signal re-
turned to the input by means of the feedback network of
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the audio amplifier and the reference signal which is
correlated to the input signal for the diagram of FIG. 3
in the presence of clipping equal in value to the set
distortion; and

FIGS. 6 and 7 are two circuit diagrams related to two
different practical embodiments of the block diagram of
FIG. 3.

FIGS. 1 and 2 are not described hereinafter: refer-
ence 1s made to the preceding description for said fig-
ures.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

- With reference to FIG. 3, said figure illustrates a
general diagram of a possible embodiment of an output
distortion sensing circuit according to the invention,
with the possibility of adjusting the percentage of dis-
tortion at which the intervention of the circuit is re-
quired and with selective sensing of the distortion on
the two half-waves.

In said figure, the output stage has been again repre-
sented by a generic operational amplifier 3 which re-
ceives the input signal V;n on its non-inverting input
and 1s fedback by the resistors R, Rz provided between
the output and the inverting input so as to generate, in
output, the signal Voyr which is intended to drive a
load which i1s not illustrated.

According to the invention, signals which are corre-
lated both to the input and to the output of the stage 3
are fed to at least one comparator, which compares
them so as to sense the imbalance of the stage and there-
fore the presence of clipping and so as to appropriately
drive an attenuation circuit which is arranged upstream
of the output stage 3, in order to appropriately attenuate
the input signal fed thereto and keep distortion within
preset values. In particular, the circuit intervenes at a
preset distortion percentage which can be advanta-
geously adjusted according to the requirements. The
circuit shown in FIG. 3 can furthermore sense non-sym-
metrical distortions of the signal as well, since it is sensi-
tive to distortion of the positive half-wave and of the
negative half-wave,

The circuit therefore comprises a first comparator §
and a second comparator 6 which receive in input the
signals Veerand V — which are taken respectively on
a voltage divider, formed by resistors R3, R4 which are
connected in series between the input of the stage and
the ground, and on the intermediate point between R;
and Rj. In detail, the voltage signal Vger which is
correlated in a linear manner to the input signal Vyand
defines an appropriate fraction thereof, is fed to the
non-inverting terminal of the comparator § and to the
inverting terminal of the comparator 6, whereas the
voltage signal V - is fed to the inverting terminal of the
comparator 5 and to the non-inverting terminal of the
comparator 6. The input voltage Vxnis also supplied to
the non-inverting input of a further comparator 8 the
inverting terminal whereof is connected to the ground.
The output of the comparator 8, which generates the
voltage Vy, is supplied directly in input to a first logic
product gate (AND gate) 10 and, after being appropri-
ately inverted by means of an inverter 12, to a second
logic product gate (AND gate) 11. The gates 10 and 11
furthermore respectively receive the output signals V3
and V3 which are generated by the comparators 5 and 6.
The outputs of the gates 10 and 11 are fed to a negated
logic sum gate (NOR gate) 13, which supplies in output
a signal Vg which is fed to an attenuater, not illustrated,
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which is capable of correspondingly attenuating the
signal supplied in input to the output stage 3.

The circuit of FIG. 3 operates as follows (see also
FIGS. 4a-4g and 5). In the absence of distortion, the
output signal Vour, which is returned after being atten-
uated on the inverting input of the stage 3 by virtue of
the feedback Rj, Ry, is equal to the input signal Vn
which is present on the non-inverting input of said stage
3.

When the input voltage Vn becomes too high, the
output, having reached its maximum dynamics, no
longer follows the variation of the input in a linear
manner and starts to distort. This distortion is also re-
turned to the inverting input of the stage 3, so that the
two inputs thereof are no longer equal but the non-
inverting input is higher than the inverting one. This
situation is clearly shown in FIG. 8, in which the volt-
ages VN, V— and Vggrare shown. As can be seen, at
a certain point V— no longer follows the input signal
VIn, and a voltage difference equal to A V occurs at the
voltage peak. Said voltage difference is a function of the
distortion percentage, i.e. the more the THD (Total
Harmonic Distortion) increases, the more A V in-
creases.

The variable divider of FIG. 3 allows to set the dis-
tortion and the related A V at which intervention of the
device is required. In detail, by acting on the resistive
divider R3, R4 it is possible to adjust the amplitude of
the signai Vggr, which represents the intervention
threshold of the sensing circuit. In fact, as long as the
voltage V— remains higher than Vzgr (in terms of
absolute value), the circuit does not intervene, whereas
when the output Voyr reaches the set distortion, VRer
and V- are equal in amplitude. The comparison be-
tween said two signals consequently provides the infor-
mation related to the existing distortion.

This comparison is performed by means of the com-
parators 8§ and 6, each of which operates on a different
half-wave. In particular, when the distortion of the
positive half-wave exceeds the value set by means of
V REF, the latter becomes greater than V— (FIG. 4b)
and the output of the comparator 5 becomes high (FIG.
4d). The distortion on the negative half-wave is instead
sensed by the comparator 6, the output whereof be-
comes high as soon as Vggrbecomes smaller than V —
(FIG. 4¢). The comparator 8 has the function of allow-
ing the correct obtainment of the information concern-
ing the distortion of the output signal from the compara-
tors § and 6 in the related half-wave. Since the inverting
input of the comparator 8 is connected to the ground,
said comparator, in fact, generates at its output the
squared signal shown in FIG. 4¢, which is positive in
the positive half-wave and is used to alternatively en-
able one or the other of the gates 10, 11, whereas the
gate 13 allows to combine the two items of information
related to the distortion in the two individual haif-
waves into a single signal which has negative pulses
when the distortion exceeds the set value.

FIGS. 6 and 7 illustrate two circuit diagrams related
to practical embodiments of the diagram of FIG. 3. In
their common parts, the two diagrams of FIGS. 6 and 7
have been given the same reference numerals, and the
blocks shown in FIG. 3 have been highlighted. As can
be seen, the comparator 8 is constituted, in both em-
bodiments, by a pair of transistors Q3, Q4 with coupled
emitters, the bases whereof are respectively connected
to the ground and to the non-inverting input of the stage
3 which receives the voltage V;n. The comparators 5
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and 6 are formed, in FIG. 6, by the transistors Qs-Qg

and respectively Qo¢-Q12 and, in FIG. 7, by the transis-
tors Qs, Qs, Q16 Q17 and, respectively, Qg, Qi0, Qis,
Q19 (which also include the functions of the gates 10~-12,
with the operating difference explained hereinafter),
whereas the transistors Q13-Qi5 define the NOR gate
13.

The circuit of FIGS. 6 and 7 operate substantially as
already explained with reference to FIG. 3, but with the
following difference: the comparators § and 6 of FIG. 3
are always operating, while the comparator 8 has the
function of enabling the passage of their information in
output correspondingly to the half-wave of the input
signal; in FIGS. 6 and 7, the comparators instead oper-
ate only if they are enabled by the comparator 8.

In detail, the operation of the circuit of FIG. 6 is as
follows: during the positive half-wave, the comparator
8 (Q3, Q4) is unbalanced on Q3; therefore Q4 does not
conduct and 1ts collector current is nil. As long as the
output Voyrdoes not exceed the set distortion, V— is
higher than Vggr, and the differential Qg, Q1o is unbal-
anced on Qg, which therefore conducts. Consequently,
Q11 and Q12 are on (with Q;2 saturated with zero cur-
rent) and Qi3 is off. During this half-wave, the transis-

tors Q-,r, Qs are kept on by means of Q3, so that Qi41s off

and so is Qjs. The output Vpis therefore high. Instead,
when the output signal Voyr becomes a little higher
than the set distortion, during the positive half-wave,
V — 1s smaller than VgEgrg 5o that the differential Qy,
Q10 1s unbalanced on Qig, which is crossed by the cur-
rent of the source 20. Consequently, Qi is off and its
collector current is nil, and so is the current of Qi3, by
virtue of the mirror connection between said two tran-
sistors. Therefore the collector of Qo goes high,
switching on Q13 and Q14 and thus bringing the output
Vo to the low state. Operation is similar during the
negative half-wave: the comparator 8 disables the com-
parator 5 and the comparator 6 drives the transistor Qi4,
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and therefore Qsis on or off depending on the presence

or absence of distortion of the preset value.

The circuit of FIG. 7 operates similarly to what has
been described for FIG. 6, with the difference that the
circuit of FIG. 6 1s not compatible with — V¢, so that
if the inputs of the comparators are connected to
— V¢ the circuit does not operate correctly, whereas
the circuit of FIG. 7 is compatible with —V ¢ and
therefore operates even in the condition in which the
inputs are at —V ¢cc. The circuit of FIG. 7 is therefore
more functional, although it is more complicated.

As can be seen from the above description, the inven-
tion fully achieves the proposed aim and objects. A
sensing circuit has in fact been proposed which, by
virtue of the sensing of the imbalance between the input
and the output, provides in output information which
does not depend on the power supply voltage V¢, on
the operating frequency (in the operating range of audio
devices) and on the maximum swing of the output sig-
nal.
+ The circuit provides the requested distortion infor-
mation immediately, without integrating the output
signal, and furthermore does not require the output
stage to be provided in a particular manner but can be
applied to output stages having different structures.

The presence of the voltage divider R3, Ry allows to
preset the percentage of distortion at which the circuit
must intervene; said percentage can be adjusted accord-
Ing to the requirements by means of an appropriate
choice of the value of the resistors. On this subject, the
fact is stressed that if the circuit according to the inven-
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tion is executed in a discrete manner, the resistor R4can
be actually produced by means of a vanable element
(potentiometer), whereas if the circuit i1s integrated, the
value of said resistor, which is appropriately chosen
according to the requirements prior to the practical
execution of the circuit, is subsequently fixed.

‘The execution of comparators each of which operates
on a different half-wave allows separate distortion sens-
ing on the two half-waves and therefore good sensing
precision even when non-symmetrical distortion of the
stage output signal occurs.

‘The invention 1s furthermore circuitally simple and
can be easily integrated, so that its manufacturing costs
are compatible with the intended application.

The invention thus conceived is susceptible to numer-
ous modifications and variations, all of which are within
the scope of the inventive concept.

All the details may furthermore be replaced with
other technically equivalent ones.

We claim:

1. Circuit for sensing output distortion of amplifier
stages, in particular of final stages of audio devices, said
amplifier stage having a first input which receives a
voltage signal to be amplified, a second input which is
connected to a feedback network and an output which
generates an amplified output signal, said circuit further
comprising a voltage divider arranged between said
first input and a reference voltage line, said voltage
divider comprising at least one variable resistor and
having an intermediate terminal which generates a first
signal which is correlated to said voltage signal, and
comparator means which receive in input said first sig-
nal and a second signal which is correlated to said out-
put signal, said comparator means being suitable for
generating a distortion signal when said second signal
exceeds said first signal in terms of absolute value, said
comparator means comprising at least one first compar-
ator which is connected in input to said first input of
said amplifier stage and to said reference voltage line
and is suitable for generating an enable signal which is
in step with said voltage signal, and a second compara-
tor which i1s connected in input to said intermediate
terminal of said divider and to the feedback network of
said amplifier stage and is suitable for generating said
distortion signal in output, said second comparator
being enabled by said enable signal.

2. Circuit according to claim 1, wherein said second -
comparator is connected to said intermediate terminal
with its non-inverting input and to said feedback net-
work with its inverting terminal, and in that said first
comparator enables said second comparator during the
positive half-wave of said voltage signal.

3. Circuit according to claim 2, wherein said compar-
ator means comprise a third comparator which is con-
nected to said intermediate terminal with its inverting
input and to said feedback network with its non-invert-
ing input, said third comparator being enabled by said
first comparator during the negative half-wave of said
voltage signal.

4. Circuit according to claim 3, wherein each of said
comparators comprises a differential circuit, each of the
differential circuits which define said second and third
comparators being connected in output to a respective
current mirror circuit enabled by the differential circuit
which defines said comparator, each of said current
mirror circuits driving a respective transistor of a logic

sum circuit.
o & ;| ¥ .
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